Abstract. A method to identify and characterize three-body resonances in a discrete basis is discussed in the context of two-nucleon emitters. For this purpose, a resonance operator is introduced and diagonalized in a basis of energy pseudostates within the hyperspherical formalism. Then, the energy and width of the resonance are obtained from its time dependence. The approach is illustrated for 16 Be ( 14 Be + n + n).
Introduction
The study of two-nucleon correlations beyond the driplines has gained renewed attention since the recent experimental observation of direct two-proton [1, 2] and two-neutron [3, 4] decays. These are typically discussed in terms of different possible paths: The so-called sequential, direct and democratic decays [5] . From the theoretical point of view, a proper description of three-body resonances can help in understanding these correlations [6, 7] . The description of few-body resonant states, however, is not an easy task. In this work, we briefly describe a robust approach to identify and characterize three-body resonances in a discrete basis within the hyperspherical formalism, and we apply the method to 16 Be ( 14 Be + n + n). For further details, see Ref. [8] .
Resonance operator
In general, resonances correspond to a range of continuum energy eigenstates whose probabilities are concentrated within the potential well. Since these continuum structures will be very sensitive to changes in the potential, we introduce the resonance operator
whose eigenstates |ψ can be expanded in Hamiltonian pseudostates |n ,
Note that, if the system has no bound states, all energies ε are positive. Therefore, since m ∼ V /ε, resonances can be identified from the eigenstates of M corresponding to large negative eigenvalues. We apply the method to study 16 Be(0 + ) states in a three-body ( 14 Be+ n+ n) model using the potentials in Refs. [6, 7] . Calculations are performed within the hyperspherical formalism [9] , where the relevant parameters are the maximum hypermomentum K max (which determines the number of angular components in the wave-function expansion), the number of basis functions N , and the scale parameter γ controlling the radial extension of the basis [10] . Here, smaller γ values correspond to more extended basis functions and a larger concentration of energy pseudostates just above the breakup threshold. In Fig. 1 , we present the spectra of M for three different bases, where the lowest eigenstate is stable and clearly separated from the rest. This state represents the ground-state resonance of 16 Be, which shows a fast convergence with respect to the size of the model space, as shown in the right panel. As discussed in Ref [7, 8] , the corresponding wave function presents a dominant dineutron component, which favors the picture of a correlated two-neutron emission from the ground state of 16 Be.
Time dependence and resonance parameters
As time evolves, the state given by Eq. (2) loses its character, and we can define a time-dependent amplitude
For an ideal Breit-Wigner resonance, we would expect
given by the resonance energy ε r and its width Γ . These parameters can be chosen so that Eq. (4) is as close as possible to the amplitude in Eq. (3). We define a resonance quality parameter with the meaning of a quadratic deviation
where 1/x corresponds to a relevant time scale for the resonance formation. Thus, small values of x will be related to long times associated to the decay. The resonance parameters, as a function of x, can be obtained by minimizing Eq. (5),
Details on the derivation of the relevant equations can be found in Ref. [8] . For the 0 + ground state of 16 Be, we obtain the results presented in Fig. 2 . Here we show the convergence of the resonance parameters ε r (x) and Γ (x) with respect to K max , N and γ as in the preceding section. With K max = 30 and N = 20, we show that the resonance energy and width are fully converged. Both functions follow approximately a linear trend, with a small slope, for small values of x. Then, a sudden drop of the width is observed close to zero. As discussed in Ref. [8] , this occurs when a pseudostate energy ε n matches the resonance energy and is a consequence of the discrete nature of the basis. By increasing the level density near the threshold (i.e., choosing smaller values of γ), the linear trend explores smaller values of x. Therefore, it is reasonable to fix the resonance parameters ε r and Γ by extrapolating this linear behavior to x = 0. Following this prescription, for an energy of ε r (0 + ) = 1.341 MeV we obtain Γ (0 + ) = 0.160 MeV. The convergence of these values with respect to K max and N is shown in Table 1 . The computed width is consistent with the results in Ref. [6] from the three-body eigenphases within the hyperspherical R-matrix method to solve the actual three-body scattering problem. This is an indication that the method here presented provides a reasonable description of three-body resonances in a discrete basis. 
